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(57) An electromagnetic fuel injection valve (I) is pro- 
vided that includes a fixed core (5) made of a high hard- 
ness ferrite magnetic material, and a movable core (12) 
that has fixed thereto by press-fitting a stopper element 
(1 4) that is nonmagnetic oris more weakly magnetic than 
the movable core (12), the stopper element (14) abutting 
directly against the fixed core (5) so as to maintain an air 
gap (g) between the two cores (5) and (12) when a coil 
(30) is energized. In this way, high abrasion resistance 
and responsiveness can be imparted to the fixed core 
and the movable core without subjecting the two cores 
to a troublesome abrasion resistance treatment to pro- 
vide a plating layer, etc., and without providing a valve 
body stopper plate, thereby contributing to a reduction in 
the cost of the electromagnetic fuel injection valve. 
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Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to an electromag- 
netic fuel injection valve used mainly in a fuel supply sys- 
tem of an internal combustion engine and, in particular, 
to an improvement of an electromagnetic fuel injection 
valve that includes a valve housing having a valve seat 
at one end thereof, a fixed core connected to the other 
end of the valve housing, a valve body housed within the 
valve housing and carrying out opening and closing op- 
erations in cooperation with the valve seat, a movable 
core integrally connected to the valve body and disposed 
so as to oppose the fixed core, a valve spring urging the 
valve body in a valve-closing direction, and a coil that is 
disposed so as to surround the fixed core and that by 
energization makes the fixed core attract the movable 
core, thereby opening the valve body. 

BACKGROUND ART 

[0002] Conventionally, it is known that, in such an elec- 
tromagnetic fuel injection valve in which the movable core 
is attached directly onto the fixed core upon energization 
of the coil and a valve-opening limit for the valve body is 
thereby defined, since a large impact is imposed on the 
attached surfaces when the cores are attached to each 
other, a Cr, Mo, or Ni plating layer is formed in order to 
ensure abrasion resistance, as is disclosed in, for exam- 
ple, Patent Document 1. Furthermore, in order to avoid 
the two cores making contact with each other when the 
coil is energized, providing a stopper plate on the valve 
housing In order to define a valve-opening limit for the 
valve body is also known as disclosed in Patent Docu- 
ment 2. 

[Patent Document 1] Japanese Patent Application 
Laid-open No. 63-125875 

[Patent Document 2] Japanese Patent Application 
Laid-open No. 2002-89400 

[0003] Such plating layers on the movable and fixed 
cores as disclosed in Patent Document 1 have to be 
formed by a plating step, which requires a long process- 
ing time; moreover, since the thickness of the plating lay- 
ers is variable, it is necessary to correct the dimensions 
by polishing the plating layers, the number of steps in- 
creases, and it is difficult to reduce the cost of the elec- 
tromagnetic fuel injection valve. Furthermore, as dis- 
closed in Patent Document 2, providing the stopper plate 
on the valve housing results in increases in the number 
of components and the number of assembly steps, and 
this is also disadvantageous in terms of reducing the cost. 

DISCLOSURE OF THE INVENTION 

[0004] The present invention has been achieved under 



the above-mentioned circumstances, and it is an object 
of the present invention to provide an inexpensive elec- 
tromagnetic fuel injection valve in which high abrasion 
resistance and responsiveness can be imparted to two 
5 cores without subjecting the two cores to a troublesome 
abrasion resistance treatment to provide a plating layer, 
etc., and without providing a valve body stopper plate in 
a valve housing. 

[0005] Furthermore, it is another object of the present 
10 invention to provide an electromagnetic fuel injection 
valve in which, when a valve body and a movable core, 
which form a valve assembly, are formed integrally from 
the same material, good magnetic properties can be im- 
parted to the valve assembly, excellent abrasion resist- 
15 ance can be imparted without carrying out any special 
abrasion resistance treatment, and at the same time the 
valve assembly can be made lightweight. 
[0006] In order to attain these objects, in accordance 
with a first aspect of the present invention, there is pro- 

20 vided an electromagnetic fuel injection valve that in- 
cludes a valve housing having a valve seat at one end 
thereof, a fixed core connected to the other end of the 
valve housing, a valve body that is housed within the 
valve housing and that carries out opening and closing 

25 operations in cooperation with the valve seat, a movable 
core integrally connected to the valve body and disposed 
so as to oppose the fixed core, a valve spring urging the 
valve body in a valve-closing direction, and a coil that is 
disposed so as to surround the fixed core and that by 

30 energization makes the fixed core attract the movable 
core, thereby opening the valve body, characterized in 
that the fixed core is made of a high hardness ferrite 
magnetic material, and the movable core is provided with 
an integrally attached stopper element that is nonmag- 

35 netic or is more weakly magnetic than the movable core, 
the stopper element defining a valve-opening limit for the 
valve body by abutting against the attracting face of the 
fixed core when the coil is energized while maintaining 
an air gap between the attracting faces of the two cores. 

40 [0007] In accordance with this first aspect, when the 
coil is energized, as well as the valve body being main- 
tained at the defined valve-opening limit by the stopper 
element integrally attached to the movable core abutting 
against the attracting face of the fixed core, an appropri- 

45 ate air gap can be maintained between the attracting fac- 
es of the two cores and this, together with the stopper 
element being nonmagnetic or weakly magnetic, enables 
residual magnetization between the two cores to be 
quickly lost when the coil is de-energized, and the 

so valve-closing responsiveness of the valve body can be 
improved 

[0008] Furthermore, since the fixed core is made of a 
high hardness ferrite magnetic material, it can exhibit 
good magnetic properties and high abrasion resistance, 
55 the fixed core shows almost no abrasion from repetitive 
abutment against the stopper element, and the fuel in- 
jection characteristics can be made stable over a long 
period of time. 
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[0009] Moreover, since it is not necessary for the fixed 
core, which is made of a high hardness ferrite magnetic 
material, to be subjected to any special abrasion resist- 
ance treatment, the number of steps can be decreased, 
and since the stopper element Is Integrally attached to s 
the movable core, the number of components and the 
number of assembly steps do not increase, thereby re- 
ducing the cost. 

[0010] Furthermore, in addition to the first aspect, in 
accordance with a second aspect of the present inven- 10 
ti on, there is provided an electromagnetic fuel injection 
valve wherein the fixed core is made of an alloy contain- 
ing 10 to 20 % by weight of Cr, 0.1 % by weight of Si, 1 
% by weight or more of at least one of Al and Ni, and 
ferrite Fe, Mn, C, P, and S as the remainder, the total of 15 
Al and Ni being 1 .15 to 6 % by weight. 
[0011] In accordance with this second aspect, by ma- 
chining alone of the alloy, a fixed core having high hard- 
ness and excellent abrasion resistance, and exhibiting a 
large magnetic force with a high magnetic flux density 20 
can be obtained, thereby contributing to a large improve- 
ment in the valve-opening responsiveness of the valve 
body. 

[0012] Moreover, in addition to the first aspect, in ac- 
cordance with a third aspect of the present invention, 25 
there is provided an electromagnetic fuel injection valve 
wherein the stopper element is press-fitted in a mating 
recess formed on the attracting face of the movable core 
so that a portion of the stopper element projects from the 
attracting face, and a tapered face or arc-shaped face is 30 
formed on the outer periphery of the extremity of the stop- 
per element on the press-fitting side. 
[0013] In accordance with this third aspect, the mate- 
rial of the stopper element can be freely selected from 
nonmagnetic materials irrespective of the material of the 35 
movable core and the valve body. Furthermore, the stop- 
per element can be fixed to the movable core simply by 
press-fitting and, moreover, since the tapered face or 
arc-shaped face of the outer periphery of the extremity 
of the stopper element can be smoothly guided along the *o 
inner peripheral face of the mating recess when press-fit- 
ting, the formation of swarf can be prevented. Further- 
more, by dimensional management of the amount of pro- 
trusion of the stopper element, the air gap can be ob- 
tained precisely and easily. 45 
[0014] Furthermore, in addition to the first aspect, in 
accordance with a fourth aspect of the present invention, 
there is provided an electromagnetic fuel injection valve 
wherein the stopper element is formed integrally with the 
valve body so that the element is disposed so as to run so 
through the movable core. 

[001 5] In accordance with this fourth aspect, the valve 
body and the stopper element can be made of a non- 
magnetic or weakly magnetic material irrespective of the 
material of the movable core, and the durability of the 55 
valve body and the stopper element can be improved 
while at the same time enabling residual magnetization 
to be quickly lost when the coil is de-energized. 



[0016] Moreover, in accordance with a fifth aspect of 
the present invention, there is provided an electromag- 
netic fuel injection valve that includes a valve housing 
having a valve seat at one end thereof, a fixed core con- 
nected to the other end of the valve housing, a valve body 
housed within the valve housing and having a valve por- 
tion that works in cooperation with the valve seat and a 
valve stem portion connected to the valve portion, a mov- 
able core connected to the valve stem portion and dis- 
posed so as to oppose the fixed core, a valve spring 
urging the valve body in a valve-closing direction, and a 
coil that is disposed so as to surround the fixed core and 
that by energization makes the fixed core attract the mov- 
able core, thereby opening the valve body, the valve body 
and the movable core being formed integrally from the 
same material so as to form a valve assembly, charac- 
terized in that the valve assembly is made of a high hard- 
ness ferrite magnetic material, and the valve assembly 
has a lengthwise hole and a lateral hole formed as fuel 
passages, the lengthwise hole starting from an end face 
of the movable core and being blocked by the valve por- 
tion, and the lateral hole providing communication be- 
tween the lengthwise hole and the interior of the valve 
housing. 

[0017] In accordance with this fifth aspect, the valve 
assembly, which is made of the high hardness ferrite 
magnetic material, can exhibit good magnetic properties 
and high abrasion resistance, and the fuel injection char- 
acteristics can be stabilized over a long period of time. 
Furthermore, since the valve assembly does not require 
any special abrasion resistance treatment, the number 
of production steps can be reduced, and as well as there 
being a small number of components, the cost can be 
reduced. 

[0018] Moreover, since the valve assembly has the 
lengthwise hole, which starts from the end face of the 
movable core and is blocked by the valve portion, and 
the lateral hole, which provides communication between 
the lengthwise hole and the interior of the valve housing, 
the holes being formed as fuel passages, a substantial 
amount of surplus material can be eliminated from the 
valve assembly, the weight thereof can therefore be 
greatly reduced, and the responsiveness to magnetic 
force can be improved. 

[0019] Furthermore, in addition to the fifth aspect, in 
accordance with a sixth aspect of the present invention, 
there is provided an electromagnetic fuel injection valve 
wherein the valve assembly is made of an alloy contain- 
ing 1 0 to 20 % by weight of Cr, 0.1 % by weight of Si, 1 
% by weight or more of at least one of Al and Ni, and 
ferrite Fe, Mn, C, P, and S as the remainder, the total of 
Al and Ni being 1 .1 5 to 6 % by weight. 
[0020] In accordance with this sixth aspect, by machin- 
ing alone of the alloy, it is possible to form a valve body 
having high hardness and excellent abrasion resistance, 
and obtain a high performance valve assembly capable 
of exhibiting a large magnetic force with a high magnetic 
flux density. 
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[0021] Moreover, in addition to the fifth aspect, in ac- 
cordance with a seventh aspect of the present invention, 
there is provided an electromagnetic fuel injection valve 
wherein the lateral hole is made to open on the outer 
peripheral face of the movable core. 5 
[0022] In accordance with this seventh aspect, fuel is 
guided to the periphery of the movable core from the 
lengthwise hole via the lateral hole, thus achieving lubri- 
cation and cooling of the movable core, and also enabling 
air bubbles generated around the movable core to be i<> 
diverted to the lengthwise hole side via the lateral hole, 
thereby preventing the air bubbles from moving toward 
the valve seat. 

[0023] Furthermore, in addition to the fifth aspect, in 
accordance with an eighth aspect of the present inven- is 
tion, there is provided an electromagnetic fuel injection 
valve wherein the valve seat is formed in a conical shape, 
the valve portion, which is seated on the valve seat, is 
formed in a hemispherical shape, the lengthwise hole is 
formed so as to pass through the center of the sphere of 20 
the valve portion and be blocked, a journal portion is 
formed integrally with the valve stem portion, the journal 
portion being supported slidably on an inner peripheral 
face of the valve housing, and the lateral hole is made 
to open on an outer peripheral face of the valve stem 25 
portion in the vicinity of the journal portion. 
[0024] In accordance with this eighth aspect, the open- 
ing and closing attitude of the valve assembly can be 
stabilized by the journal portion sliding on the inner pe- 
ripheral face of the valve housing; moreover, fuel is guid- 30 
ed to the journal portion from the lengthwise hole via the 
lateral hole, thus achieving lubrication and cooling of the 
journal portion, and also enabling air bubbles generated 
around the journal portion to be diverted tothe lengthwise 
hole side via the lateral hole, thereby preventing the air 35 
bubbles from moving toward the valve seat. 
[0025] Furthermore, since the valve seat is formed in 
the conical shape and the valve body is formed in the 
hemispherical shape, centering of the valve body is ex- 
cellent, and the valve can be reliably closed at all times. *o 
[0026] Moreover, since the lengthwise hole, which 
starts from the movable core, extends toward the vicinity 
of the surface of the extremity of the hemispherical valve 
portion, the lengthwise hole together with the lateral hole 
enable a substantial amount of surplus material to be 45 
eliminated from the valve assembly, thereby giving a 
lightweight valve assembly and, as a result, improving 
the responsiveness. 

[0027] The above-mentioned objects, other objects, 
characteristics, and advantages of the present invention so 
will become apparent from an explanation of preferred 
embodiments that will be described in detail below by 
reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS ss 
[0028] 



FIG. 1 is a vertical sectional view of an electromag- 
netic fuel injection valve for an internal combustion 
engine related to a first embodiment of the present 
invention; FIG. 2 is an enlarged view of a part 2 of 
FIG. 1; FIG. 3 is a perspective view of a valve as- 
sembly in FIG. 1; FIG. 4 is a sectional view, corre- 
sponding to FIG. 2, showing a second embodiment 
of the present invention; FIG. 5 is a graph showing 
the relationship between the hardness and the total 
content of Al and Ni of an alloy for a fixed core; and 
FIG. 6 is a graph showing the relationship between 
the magnetic flux density and volume resistivity and 
the total content of Al and Ni of the alloy for the fixed 
core. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0029] Preferred embodiments of the present inven- 
tion are explained below with reference to the attached 
drawings. 

[0030] A first embodiment of the present invention 
shown in FIG. 1 to FIG. 3 is now explained. 
[0031] In FIG. 1, a valve housing 2 of an electromag- 
netic fuel injection valve I for an internal combustion en- 
gine is formed from a cylindrical valve seat member 3 
having a valve seat 8 at its front end, a magnetic cylinder 
4 coaxially joined to a rear end section of the valve seat 
member 3, and a nonmagnetic cylinder 6 coaxially joined 
to the rear end of the magnetic cylinder 4. 
[0032] The valve seat member 3 has on its rear end 
section a linking tubular portion 3a that projects, with an 
annular shoulder portion 3b, toward the magnetic cylin- 
der4from an outer peripheral face of the valve seat mem- 
ber 3. By press-fitting this linking tubular portion 3a in the 
inner peripheral face of the front end portion of the mag- 
netic cylinder 4 so as to make the front end face of the 
magnetic cylinder 4 abut against the annular shoulder 
portion 3b, the valve seat member 3 and the magnetic 
cylinder 4 are joined to each other coaxially with a liq- 
uid-tight joint. The magnetic cylinder 4 and the nonmag- 
netic cylinder 6 are joined to each other coaxially with a 
liquid-tight joint by abutting opposing end faces against 
each other and laser beam welding all the way around. 
[0033] The valve seat member 3 includes a valve 
opening 7 opening on its front end face, a conical valve 
seat 8 extending from the inner end of the valve opening 
7, and a cylindrical guide hole 9 extending from a large 
diameter portion of the valve seat 8. Welded to the front 
end face of the valve seat member 3 with a liquid-tight 
weld is the entire periphery of a steel injector plate 10 
having a plurality of fuel injection holes 1 1 communicating 
with the valve opening 7. 

[0034] A hollow cylindrical fixed core 5 is fixed in a 
liquid-tight manner by press-fitting into the inner periph- 
eral face of the nonmagnetic cylinder 6 from the rear end 
side thereof. In this arrangement, a part of the front end 
portion of the nonmagnetic cylinder 6 does not have the 
fixed core 5 fitted thereinto, and a valve assembly V is 
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housed within the valve housing 2 extending from that 
part to the valve seat member 3. 
[0035] As shown in FIG. 1 and FIG. 3, the valve as- 
sembly V is formed from a valve body 1 8 and a movable 
core 12. The valve body 18 includes a hemispherical 
valve portion 1 6 for opening and closing the valve open- 
ing 7 in corporation with the valve seat 8, and a valve 
stem portion 17 supporting the valve portion 16. The mov- 
able core 12 is connected to the valve stem portion 17, 
extends from the magnetic cylinder 4 into the nonmag- 
netic cylinder 6, and is inserted into these cylinders so 
as to coaxially oppose the fixed core 5. The valve stem 
portion 17 is formed so as to have a smaller diameter 
than that of the guide hole 9, and a pair of front and rear 
journal portions 1 7a are integrally formed on the outer 
periphery of the valve stem portion 1 7 so that the journal 
portions 17a project radially outward and are supported 
slidably on the inner peripheral face of the guide hole 9. 
In this arrangement, the journal portions 17a are dis- 
posed so as to form as large a gap as possible in the 
axial direction. 

[0036] The valve assembly V is provided with a length- 
wise hole 19, a plurality of first lateral holes 20a, aplurality 
of second lateral holes 20b, and a plurality of third lateral 
holes 20c. The lengthwise hole 1 9 extends from the rear 
end face of the movable core 1 2 to beyond the center O 
of the sphere of the hemispherical valve portion 1 6 and 
is blocked; the plurality of first lateral holes 20a provide 
communication between the lengthwise hole 1 9 and the 
outer periphery of the movable core 12, the plurality of 
second lateral holes 20b provide communication be- 
tween the lengthwise hole 19 and the outer peripheral 
face of the valve stem portion 17 between the journal 
portions 17a, and the plurality of third lateral holes 20c 
provide communication between the lengthwise hole 19 
and the outer periphery of the valve stem portion 1 7 that 
is toward the valve portion 1 6 relative to the front-side 
journal portion 17a. In this arrangement, the third lateral 
holes 20c are desirably disposed forward of the center 
O of the sphere of the valve portion 1 6, and the front-side 
journal portion 1 7a is desirably disposed as close as pos- 
sible to the center O of sphere of the valve portion 1 6. 
[0037] An annular spring seat 24 facing the fixed core 
5 side is formed partway along the lengthwise hole 1 9. 
[0038] The fixed core 5 has a lengthwise hole 21 com- 
municating with the lengthwise hole 19 of the movable 
core 12, and has a fuel inlet tube 26 integrally connected 
to the rear end of the fixed core 5, the lengthwise hole 
21 communicating with the interior of the fuel inlet tube 
26. The fuel inlet tube 26 is formed from a reduced-di- 
ameter portion 26a extending from the rear end of the 
fixed core 5, and an enlarged-diameter portion 26b ex- 
tending from the reduced-diameter portion 26a. A valve 
spring 22 is provided in compression between the spring 
seat 24 and a pipe-shaped retainer 23 inserted or lightly 
press-fitted into the lengthwise hole 21 from the re- 
duced-diameter portion 26a, the valve spring 22 urging 
the movable core 1 2 in a direction to close the valve body 



18. In this arrangement, the set load of the valve spring 

22 is adjusted by the depth to which the retainer 23 is 
fitted into the lengthwise hole 21, and after adjustment 
the outer peripheral wall of the reduced-diameter portion 

5 26a is partially crimped inward so as to fix the retainer 

23 to the reduced-diameter portion 26a. A fuel filter 27 
is mounted in the enlarged-diameter portion 26b. 
[0039] The fixed core 5 is made of a high hardness 
ferrite magnetic material and, specifically, is formed by 

10 machining an alloy having the following composition. 
Cr ... 1 0 to 20 % by weight 
Si 0.1 % by weight 

Al and Ni both included, at least one thereof being 1 
% by weight or more, and the total thereof being 1 .1 5 to 
is 6 % by weight 

Remainder ... ferrite Fe and, as impurities, Mn, C, P, and 
S 

[0040] In this alloy, the total of Al and Ni being 1.15 to 
6 % by weight contributes in particular to improvements 
in the abrasion resistance, the magnetic force, and the 
responsiveness of the fixed core 5 and the valve assem- 
bly V. That is, about 95% of the total content of Al and 
Ni is a precipitate, and this greatly influences the hard- 
ness, the magneticflux density, and the volume resistivity 
of the fixed core 5 and the valve assembly V. It is desirable 
forthe hardness to be high in orderto obtain the abrasion 
resistance, for the magnetic flux density to be large in 
orderto increase the magnetic force, and forthe volume 
resistivity to be small in order to improve the responsive- 
ness. 

[0041] When the relationship between the hardness 
and the total content of Al and Ni of the alloy was exam- 
ined experimentally, the result shown in the graph of FIG. 
5 was obtained. When the relationships between the 
magneticflux density and volume resistivity and the total 
content of Al and Ni of the alloy were examined experi- 
mentally, the results shown in the graph of FIG. 6 were 
obtained. 

[0042] As is clear from FIG. 5, as long as the total con- 
tent of Al and Ni is 1 .15 to 6 % by weight, the hardness 
of the alloy is 200 to 400 Hmv. This range of hardness 
is sufficient to impart adequate abrasion resistance to 
the fixed core 5 and the valve assembly V without sub- 
jecting them to any special abrasion resistance treatment 
such as plating after machining of the alloy. Since no 
special abrasion resistance treatment is required, the 
number of steps is decreased, and the cost of the fixed 
core 5 and the valve assembly V can be reduced. 
[0043] As is clear from FIG. 6, when the total content 
of Al and Ni exceeds 6 % by weight, not only does the 
magnetic flux density of the fixed core 5 and the valve 
assembly V decrease, thus making it difficult to obtain 
sufficient magnetic force, but also the flow of magnetic 
flux is delayed due to a decrease in the volume resistivity, 
thus reducing the responsiveness of the fixed core 5 and 
the valve assembly V. 

[0044] Therefore, by setting the total content of Al and 
Ni to 1 .1 5 to 6 % by weight, the abrasion resistance, the 
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magnetic force, and the responsiveness of the fixed core 
5 and the valve assembly V can be made satisfactory in 
practice. 

[0045] The Cr (10 to 20 % by weight), Si (0.1 % by 
weight), ferrite Fe and impurities Mn, C, P, and S as the 
remainder of the above alloy are those generally con- 
tained in a conventional core. 

[0046] In the valve assembly V, as is clearly shown in 
FIG. 2, a mating recess 13 is formed on the attracting 
face 12a of the movable core 12 facing the attracting face 
5a of the fixed core 5, and a collar-shaped stopper ele- 
ment 14 surrounding the valve spring 22 is press-fitted 
into the mating recess 1 3, or is fitted and then fixed into 
the mating recess 13 by welding or crimping. In the case 
of press-fitting, a tapered face 1 4a or an arc-shaped face 
is formed on the outer periphery of the extremity of the 
stopper element 1 4 on the press-fitting side. The stopper 
element 14 is made of a nonmagnetic material such as, 
for example, J IS SUS304. 

[0047] The stopper element 14 projects from the at- 
tracting face 12a of the movable core 12, and is normally 
disposed so as to oppose the attracting face 5a of the 
fixed core 5 across a gap s corresponding to a 
valve-opening stroke of the valve body 18. 
[0048] The attracting face 1 2a of the movable core 1 2 
is formed from a reference attracting face F and a pro- 
truding attracting face f, the reference attracting face F 
facing the attracting face 5a across a predetermined air 
gap 2 when the stopper element 14 abuts against the 
fixed core 5, and the protruding attracting face f protrud- 
ing from the reference attracting face F toward the fixed 
core 5. 

[0049] Thepredeterminedairgapgissetsothat, when 
the coll 30 is de-energized from an energized state, the 
residual magnetic flux between the two cores 5 and 12 
is quickly lost. The amount of protrusion of the protruding 
attracting face f relative to the reference attracting face 
F is set in a range such that, even when the stopper 
element 1 4 abuts against the fixed core 5, the protruding 
attracting face f does not make contact with the attracting 
face of the fixed core 5, and in this arrangement the area 
of the protruding attracting face f is set to be narrower 
than that of the reference attracting face F so that loss 
of residual magnetization is not hindered by the protrud- 
ing attracting face f. In the example illustrated, the pro- 
truding attracting face f is formed in an annular shape so 
as to surround the stopper element 1 4, and the reference 
attracting face F is formed on the outer periphery of the 
protruding attracting face f. 

[0050] The end face of the stopper element 1 4 and the 
reference and protruding attracting faces F and f are si- 
multaneously finished by grinding after the stopper ele- 
ment 1 4 is mounted in the movable core 1 2. By so doing, 
the gap s and the air gap £, which are related to each 
other, can be obtained precisely. 
[0051] Referring again to FIG. 1 , a coil assembly 28 is 
fitted onto the outer periphery of the valve housing 2 so 
as to correspond to the fixed core 5 and the movable 



core 12. This coil assembly 28 is formed from a bobbin 
29 and a coil 30, the bobbin 29 being fitted onto the outer 
peripheral faces of the rear end section of the magnetic 
cylinder 4 and the whole of the nonmagnetic cylinder 6, 

5 and the coil 30 being wound around the bobbin 29. The 
front end of a coil housing 31 surrounding the coil as- 
sembly 28 is welded to the outer peripheral face of the 
magnetic cylinder 4, and the rear end thereof is welded 
to the outer peripheral face of a yoke 5b that projects in 

10 a flange shape from the outer periphery of a rear end 
section of the fixed core 5. The coil housing 31 is cylin- 
drical and has an axially extending slrt 31 a formed on 
one side thereof. 

[0052] The coil housing 31 , the coil assembly 28, the 
15 fixed core 5, and the front half of the fuel inlet tube 26 
are sealed in by a synthetic resin cover 32 by injection 
molding. In this arrangement, the coil housing 31 is filled 
with the cover 32 through the slit 31 a. A coupler 34 hous- 
ing a connection terminal 33 connected to the coil 30 is 
integrally joined to a middle section of the cover 32. 
[0053] The operation of the first embodiment is now 
explained. 

[0054] When the coil 30 is in a de-energized state, the 
valve assembly V is pressed forward by the urging of the 
valve spring 22, the hemispherical valve portion 1 6 of the 
valve body 1 8 is seated on the conical valve seat 8, and 
a good valve-closed state can be always obtained by 
virtue of the centering action of the valve portion 1 6. Fuel 
pumped from a fuel pump (not illustrated) to the fuel inlet 
tube 26 passes through the interior of the pipe-shape 
retainer 23, the lengthwise hole 1 9, and the first to third 
lateral holes 20a to 20c of the valve assembly V, is held 
in readiness within the interior of the valve seat member 
3, and Is supplied for lubrication around the journal por- 
tions 17a of the valve body 1 8. 

[0055] When the coil 30 is energized by passing elec- 
tricity, the magnetic flux generated thereby runs sequen- 
tially through the fixed core 5, the coil housing 31, the 
magnetic cylinder 4, and the movable core 12, the mov- 
able core 1 2 of the valve assembly V is attracted by the 
fixed core 5 against the set load of the valve spring 22 
by virtue of this magnetic force, the valve body 1 8 is de- 
tached from the valve seat 8, the valve opening 7 is 
opened, and high-pressure fuel within the valve seat 
member 3 is discharged from the valve opening 7 and 
injected through the fuel injection holes 1 1 toward an 
engine intake valve. 

[0056] During this process, the stopper element 1 4 fix- 
edly fitted into the movable core 1 2 of the valve assembly 
V abuts against the attracting face 5a of the fixed core 
5, thus defining the valve-opening limit for the valve body 
18, and the attracting face 12a of the movable core 12 
faces the attracting face 5a of the fixed core 5 across the 
air gap c[, thereby avoiding direct contact with the fixed 
core 5. In particular, by dimensional management of the 
amount of protrusion of the stopper element 14 relative 
to the attracting face 1 2a of the movable core 12, the air 
gap a can be obtained precisely and easily; this, together 
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with the effect of the stopper element 14 being nonmag- 
netic, enables residual magnetization between the two 
cores 5 and 12 to be quickly lost when the coil 30 is 
de-energized, thereby improving the valve-closing re- 
sponsiveness of the valve body 1 8. 
[0057] Since the stopper element 14 is formed from a 
member separate from the movable core 12, a nonmag- 
netic material can be selected freely, irrespective of the 
material of the movable core 12 and the valve body 18. 
[0058] Furthermore, the stopper element 14 can be 
fixed to the movable core 1 2 simply by press-fitting and, 
moreover, since the tapered face 1 4a or arc-shaped face 
of the outer periphery of the extremity of the stopper el- 
ement 14 can be guided smoothly along the inner pe- 
ripheral face of the mating recess 13 during press-fitting, 
formation of swarf can be prevented. 
[0059] Since the fixed core 5 and the valve assembly 
V are made of a high hardness ferrite magnetic material 
as described above, the fixed core 5 and the movable 
core 1 2 of the valve assembly V cooperate so as to exhibit 
good magnetic properties, thereby improving the 
valve-opening responsiveness of the valve body 1 8. The 
fixed core 5 exhibits excellent abrasion resistance toward 
repetitive impact received from the stopper element 14, 
thus contributing to the valve-opening stroke of the valve 
body 1 8 being maintained appropriately over a long pe- 
riod of time. Furthermore, the valve portion 1 6 and the 
journal portions 17a of the valve body 18 of the valve 
assembly V exhibit excellent abrasion resistance toward 
abutment against the valve seat 8 and sliding in the guide 
hole 9, thereby making the operation of the valve body 
1 8 stable over a long period of time. 
[0060] Moreover, since the fixed core 5 and the valve 
assembly V, which are made of a high hardness ferrite 
magnetic material, do not require any special abrasion 
resistance treatment, the number of production steps is 
reduced. Furthermore, since the stopper element 14 is 
attached integrally to the movable core 12, the number 
of components and the number of assembly steps are 
not increased, and the cost is thus reduced. 
[0061 ] Furthermore, the valve assembly V is provided, 
as fuel passages, with the lengthwise hole 19 that starts 
from the end face of the movable core 12 and is blocked 
by the valve portion 16, and the first to third lateral holes 
20a to 20c that provide communication between the 
lengthwise hole 1 9 and the interior of the valve housing 
2. In particular, since the lengthwise hole 19 extends be- 
yond the center O of the sphere of the hemispherical 
valve portion 16 toward the vicinity of the surface of the 
extremity thereof, the fuel passages eliminate a substan- 
tial amount of surplus material of the valve assembly V, 
and as a result the weight of the valve assembly V is 
greatly reduced and the responsiveness to magnetic 
force can be improved. 

[0062] Moreover, the first lateral holes 20a not only 
contribute to lubrication and cooling of the movable core 
12 by guiding fuel to the periphery of the movable core 
1 2 from the lengthwise hole 19, but also guide and divert 



air bubbles generated therein toward the lengthwise hole 
1 9, thereby preventing effectively the air bubbles from 
moving toward the valve seat 8. 
[0063] The second and third lateral holes 20b and 20c 

5 not only contribute to lubrication and cooling of the valve 
body 18 and, in particular, the journal portions 17a by 
guiding fuel from the lengthwise hole 1 9 to the peripheries 
thereof, but also guide and divert air bubbles generated 
therein toward the lengthwise hole 1 9, thereby preventing 

to effectively the air bubbles from moving toward the valve 
seat 8. 

[0064] Furthermore, since the attracting face 12a of 
the movable core 12 is formed from the protruding at- 
tracting facef, which has a small area, and the reference 
15 attracting face F, which has a large area, duringthe initial 
stages of energization of the coil 30, even when there is 
little magnetic flux generated, the magnetic flux is con- 
centrated through the relatively small area of the protrud- 
ing attracting face f, the magnetic flux density of the pro- 
20 truding attracting face f is increased, and the magnetic 
responsiveness of the movable core 12 is improved. 
Moreover, since the protruding attracting face f is in the 
central part of the movable core 12, the attractive force 
due to the magnetic force acts on the central part of the 
movable core 12, and its attitude when it starts to move 
can be stabilized. During later stages of energization 
when a large amount of magnetic flux is generated, the 
magnetic flux passes through both the protruding and 
reference attracting faces f and F, any increase in the 
magnetic resistance can be suppressed, and a large at- 
tractive force can be obtained. The valve-opening re- 
sponsiveness of the valve body 1 8 can thus be improved. 
[0065] A second embodiment of the present invention 
is now explained with reference to FIG. 4. 
[0066] In this second embodiment, a valve body 18 
and a movable core 1 2 of a valve assembly V are formed 
from separate members, and a cylindrical stopper ele- 
ment 1 4 and a flange 35 are integrally formed on a valve 
stem portion 1 7 of the valve body 1 8, the cylindrical stop- 
per element 14 running through a linking hole 36 of the 
movable core 1 2 and being fixed to the movable core 1 2, 
and the flange 35 abutting against the front end face of 
the movable core 12 so as to restrict the depth to which 
the stopper element 14 is fitted into the movable core 1 2. 
Fixing of the stopper element 1 4 to the movable core 1 2 
is carried out by press-fitting, crimping, or welding. In this 
case, the valve body 18 and the stopper element 14 are 
formed by machining a nonmagnetic material or a mate- 
rial that is more weakly magnetic than the movable core 
12, such as a JIS SUS440C alloy. 
[0067] The construction is otherwise basically the 
same as that of the preceding embodiment, andthesame 
reference numerals and symbols as those used in the 
preceding embodiment are used in FIG. 4 to denote parts 
corresponding to the parts of the preceding embodiment, 
thereby avoiding duplication of the explanation. 
[0068] In accordance with the second embodiment, it 
is possible to form the valve body 18 and the stopper 
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element 1 4 from a high hardness nonmagnetic or weakly 
magnetic material irrespective of the material of the mov- 
able core 12, and the durability of the valve body 18 and 
the stopper element 14 can be improved while at the 
same time enabling residual magnetization between the 
two cores to be quickly lost when the coil is de-energized. 
[0069] The present invention is not limited to the 
above-mentioned embodiments, and can be modified in 
a variety of ways without departing from the spirit and 
scope of the present invention. For example, instead of 
the rearside journal portion 1 7a of the valve stem portion 
17, a journal portion slidably supported by the inner pe- 
ripheral face of the magnetic cylinder 4 can be formed 
on the outer peripheral face of the movable core 12. 
[0070] Preferred embodiments of the present inven- 
tion are explained below with reference to the attached 
drawings. 

[0071] A first embodiment of the present invention 
shown in FIG. 1 to FIG. 3 is now explained. 
[0072] In FIG. 1 , a valve housing 2 of an electromag- 
netic fuel injection valve I for an Internal combustion en- 
gine is formed from a cylindrical valve seat member 3 
having a valve seat 8 at its front end, a magnetic cylinder 
4 coaxially joined to a rear end section of the valve seat 
member 3, and a nonmagnetic cylinder 6 coaxially joined 
to the rear end of the magnetic cylinder 4. 
[0073] The valve seat member 3 has on its rear end 
section a linking tubular portion 3a that projects, with an 
annular shoulder portion 3b, toward the magnetic cylin- 
der 4 from an outer peripheral face of the valve seat mem- 
ber 3. By press-fitting this linking tubular portion 3a in the 
inner peripheral face of the front end portion of the mag- 
netic cylinder 4 so as to make the front end face of the 
magnetic cylinder 4 abut against the annular shoulder 
portion 3b, the valve seat member 3 and the magnetic 
cylinder 4 are joined to each other coaxially with a liq- 
uid-tight joint. The magnetic cylinder 4 and the nonmag- 
netic cylinder 6 are joined to each other coaxially with a 
liquid-tight joint by abutting opposing end faces against 
each other and laser beam welding all the way around. 
[0074] The valve seat member 3 includes a valve 
opening 7 opening on its front end face, a conical valve 
seat 8 extending from the inner end of the valve opening 
7, and a cylindrical guide hole 9 extending from a large 
diameter portion of the valve seat 8. Welded to the front 
end face of the valve seat member 3 with a liquid-tight 
weld is the entire periphery of a steel injector plate 10 
having a plurality of fuel injection holes 1 1 communicating 
with the valve opening 7. 

[0075] A hollow cylindrical fixed core 5 is fixed in a 
liquid-tight manner by press-fitting into the inner periph- 
eral face of the nonmagnetic cylinder 6 from the rear end 
side thereof. In this arrangement, a part of the front end 
portion of the nonmagnetic cylinder 6 does not have the 
fixed core 5 fitted thereinto, and a valve assembly V is 
housed within the valve housing 2 extending from that 
part to the valve seat member 3. 
[0076] As shown in FIG. 1 and FIG. 3, the valve as- 



sembly V is formed from a valve body 1 8 and a movable 
core 12. The valve body 18 includes a hemispherical 
valve portion 1 6 for opening and closing the valve open- 
ing 7 in corporation with the valve seat 8, and a valve 

s stem portion 1 7 supporting the valve portion 1 6. The mov- 
able core 12 is connected to the valve stem portion 1 7, 
extends from the magnetic cylinder 4 into the nonmag- 
netic cylinder 6, and is inserted into these cylinders so 
as to coaxially oppose the fixed core 5. The valve stem 

10 portion 17 is formed so as to have a smaller diameter 
than that of the guide hole 9, and a pair of front and rear 
journal portions 17a are integrally formed on the outer 
periphery of the valve stem portion 1 7 so that the journal 
portions 1 7a project radially outward and are supported 

15 slidably on the inner peripheral face of the guide hole 9. 
In this arrangement, the journal portions 17a are dis- 
posed so as to form as large a gap as possible in the 
axial direction. 

[0077] The valve assembly V is provided with a length- 

20 wise hole 1 9, a plurality of first lateral holes 20a, a plurality 
of second lateral holes 20b, and a plurality of third lateral 
holes 20c. The lengthwise hole 1 9 extends from the rear 
end face of the movable core 1 2 to beyond the center O 
of the sphere of the hemispherical valve portion 16 and 

25 is blocked; the plurality of first lateral holes 20a provide 
communication between the lengthwise hole 19 and the 
outer periphery of the movable core 12, the plurality of 
second lateral holes 20b provide communication be- 
tween the lengthwise hole 19 and the outer peripheral 

30 face of the valve stem portion 17 between the journal 
portions 17a, and the plurality of third lateral holes 20c 
provide communication between the lengthwise hole 1 9 
and the outer periphery of the valve stem portion 1 7 that 
is toward the valve portion 16 relative to the front-side 

35 journal portion 1 7a. In this arrangement, the third lateral 
holes 20c are desirably disposed forward of the center 
O of the sphere of the valve portion 1 6, and the front-side 
journal portion 17a is desirably disposed as close as pos- 
sible to the center O of sphere of the valve portion 1 6. 

40 [0078] An annular spring seat 24 facing the fixed core 
5 side is formed partway along the lengthwise hole 19. 
[0079] The fixed core 5 has a lengthwise hole 21 com- 
municating with the lengthwise hole 19 of the movable 
core 1 2, and has a fuel inlet tube 26 integrally connected 

45 to the rear end of the fixed core 5, the lengthwise hole 

21 communicating with the interior of the fuel inlet tube 
26. The fuel inlet tube 26 is formed from a reduced-di- 
ameter portion 26a extending from the rear end of the 
fixed core 5, and an enlarged-diameter portion 26b ex- 

50 tending from the reduced-diameter portion 26a. A valve 
spring 22 is provided in compression between the spring 
seat 24 and a pipe-shaped retainer 23 inserted or lightly 
press-fitted into the lengthwise hole 21 from the re- 
duced-diameter portion 26a, the valve spring 22 urging 

55 the movable core 1 2 in a direction to close the valve body 
1 8. In this arrangement, the set load of the valve spring 

22 is adjusted by the depth to which the retainer 23 is 
fitted into the lengthwise hole 21, and after adjustment 
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the outer peripheral wall of the reduced-diameter portion 
26a is partially crimped inward so as to fix the retainer 
23 to the reduced-diameter portion 26a. A fuel filter 27 
is mounted in the enlarged-diameter portion 26b. 
[0080] The fixed core 5 Is made of a high hardness 
ferrite magnetic material and, specifically, is formed by 
machining an alloy having the following composition. 
Cr 1 0 to 20 % by weight 
Si ... 0.1 % by weight 

Al and Ni ... both included, at least one thereof being 1 
% by weight or more, and the total thereof being 1 .15 to 
6 % by weight 

Remainder ... ferrite Fe and, as impurities, Mn, C, P, and 
S 

[0081 ] In this alloy, the total of Al and Ni being 1 .1 5 to 
6 % by weight contributes in particular to improvements 
in the abrasion resistance, the magnetic force, and the 
responsiveness of the fixed core 5 and the valve assem- 
bly V. That is, about 95% of the total content of Al and 
Ni is a precipitate, and this greatly influences the hard- 
ness, the magnetic flux density, and the volume resistivity 
of the fixed core 5 and the valve assembly V. It is desirable 
for the hardness to be high in order to obtain the abrasion 
resistance, for the magnetic flux density to be large in 
order to increase the magnetic force, and for the volume 
resistivity to be small in orderto improve the responsive- 
ness. 

[0082] When the relationship between the hardness 
and the total content of Al and Ni of the alloy was exam- 
ined experimentally, the result shown in the graph of FIG. 
5 was obtained. When the relationships between . the 
magnetic flux density and volume resistivity and the total 
content of Al and Ni of the alloy were examined experi- 
mentally, the results shown in the graph of FIG. 6 were 
obtained. 

[0083] As is clear from FIG. 5, as long as the total con- 
tent of Al and Ni is 1 .15 to 6 % by weight, the hardness 
of the alloy is 200 to 400 Hmv. This range of hardness 
is sufficient to impart adequate abrasion resistance to 
the fixed core 5 and the valve assembly V without sub- 
jecting them to any special abrasion resistance treatment 
such as plating after machining of the alloy. Since no 
special abrasion resistance treatment is required, the 
number of steps is decreased, and the cost of the fixed 
core 5 and the valve assembly V can be reduced. 
[0084] As is clear from FIG. 6, when the total content 
of Al and Ni exceeds 6 % by weight, not only does the 
magnetic flux density of the fixed core 5 and the valve 
assembly V decrease, thus making it difficult to obtain 
sufficient magnetic force, but also the flow of magnetic 
flux is delayed due to a decrease in the volume resistivity, 
th us reducing the responsiveness of the fixed core 5 and 
the valve assembly V. 

[0085] Therefore, by setting the total content of Al and 
Ni to 1 .15 to 6 % by weight, the abrasion resistance, the 
magnetic force, and the responsiveness of the fixed core 
5 and the valve assembly V can be made satisfactory in 
practice. 



[0086] The Cr (10 to 20 % by weight), Si (0.1 % by 
weight), ferrite Fe and impurities Mn, C, P, and S as the 
remainder of the above alloy are those generally con- 
tained in a conventional core. 

5 [0087] In the valve assembly V, as is clearly shown in 
FIG. 2, a mating recess 13 is formed on the attracting 
face 1 2a of the movable core 1 2 facing the attracting face 
5a of the fixed core 5, and a collar-shaped stopper ele- 
ment 14 surrounding the valve spring 22 is press-fitted 

to into the mating recess 13, or is fitted and then fixed into 
the mating recess 13 by welding or crimping. In the case 
of press-fitting, a tapered face 1 4a or an arc-shaped face 
is formed on the outer periphery of the extremity of the 
stopper element 1 4 on the press-fitting side. The stopper 

15 element 14 is made of a nonmagnetic material such as, 
for example, JIS SUS304. 

[0088] The stopper element 14 projects from the at- 
tracting face 12a of the movable core 12, and is normally 
disposed so as to oppose the attracting face 5a of the 

20 fixed core 5 across a gap s corresponding to a 
valve-opening stroke of the valve body 18. 
[0089] The attracting face 1 2a of the movable core 1 2 
is formed from a reference attracting face F and a pro- 
truding attracting face f, the reference attracting face F 

25 facing the attracting face 5a across a predetermined air 
gap q when the stopper element 14 abuts against the 
fixed core 5, and the protruding attracting face f protrud- 
ing from the reference attracting face F toward the fixed 
core 5. 

30 [0090] The predetermined air gap C| is set so that, when 
the coil 30 is de-energized from an energized state, the 
residual magnetic flux between the two cores 5 and 12 
is quickly lost. The amount of protrusion of the protruding 
attracting face f relative to the reference attracting face 

35 F is set in a range such that, even when the stopper 
element 14 abuts against the fixed core 5, the protruding 
attracting f ace f does not make contact with the attracting 
face of the fixed core 5, and in this arrangement the area 
of the protruding attracting face f is set to be narrower 

40 than that of the reference attracting face F so that loss 
of residual magnetization is not hindered by the protrud- 
ing attracting face f. In the example illustrated, the pro- 
truding attracting face f is formed in an annular shape so 
as to surround the stopper element 1 4, and the reference 

45 attracting face F is formed on the outer periphery of the 
protruding attracting face t 

[0091 ] The end face of the stopper element 1 4 and the 
reference and protruding attracting faces F and f are si- 
multaneously finished by grinding after the stopper ele- 

50 ment 14 is mounted in the movable core 12. By so doing, 
the gap s and the air gap C[, which are related to each 
other, can be obtained precisely. 
[0092] Referring again to FIG. 1 , a coil assembly 28 is 
fitted onto the outer periphery of the valve housing 2 so 

55 as to correspond to the fixed core 5 and the movable 
core 12. This coil assembly 28 is formed from a bobbin 
29 and a coil 30, the bobbin 29 being fitted onto the outer 
peripheral faces of the rear end section of the magnetic 
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cylinder 4 and the whole of the nonmagnetic cylinder 6, 
and the coil 30 being wound around the bobbin 29. The 
front end of a coil housing 31 surrounding the coil as- 
sembly 28 is welded to the outer peripheral face of the 
magnetic cylinder 4, and the rear end thereof is welded 
to the outer peripheral face of a yoke 5b that projects in 
a flange shape from the outer periphery of a rear end 
section of the fixed core 5. The coil housing 31 is cylin- 
drical and has an axially extending slit 31 a formed on 
one side thereof. 

[0093] The coil housing 31 , the coil assembly 28, the 
fixed core 5, and the front half of the fuel inlet tube 26 
are sealed in by a synthetic resin cover 32 by injection 
molding. In this arrangement, the coil housing 31 is filled 
with the cover 32 through the slit 31 a. A coupler 34 hous- 
ing a connection terminal 33 connected to the coil 30 is 
integrally joined to a middle section of the cover 32. 
[0094] The operation of the first embodiment is now 
explained. 

[0095] When the coil 30 is in a de-energized state, the 
valve assembly V is pressed forward by the urging of the 
valve spring 22, the hemispherical valve portion 1 6 of the 
valve body 18 is seated on the conical valve seat 8, and 
a good valve-closed state can be always obtained by 
virtue of the centering action of the valve portion 16. Fuel 
pumped from a fuel pump (not illustrated) to the fuel inlet 
tube 26 passes through the interior of the pipe-shape 
retainer 23, the lengthwise hole 19, and the first to third 
lateral holes 20a to 20c of the valve assembly V, is held 
in readiness within the interior of the valve seat member 
3, and is supplied for lubrication around the journal por- 
tions 1 7a of the valve body 18. 

[0096] When the coil 30 is energized by passing elec- 
tricity, the magnetic flux generated thereby runs sequen- 
tially through the fixed core 5, the coil housing 31, the 
magnetic cylinder 4, and the movable core 12, the mov- 
able core 1 2 of the valve assembly V is attracted by the 
fixed core 5 against the set load of the valve spring 22 
by virtue of this magnetic force, the valve body 1 8 is de- 
tached from the valve seat 8, the valve opening 7 is 
opened, and high-pressure fuel within the valve seat 
member 3 is discharged from the valve opening 7 and 
injected through the fuel injection holes 1 1 toward an 
engine intake valve. 

[0097] During this process, the stopper element 14 fix- 
edly fitted into the movable core 1 2 of the valve assembly 
V abuts against the attracting face 5a of the fixed core 
5, thus defining the valve-opening limitforthe valve body 
18, and the attracting face 12a of the movable core 12 
faces the attracting face 5a of the fixed core 5 across the 
air gap fl, thereby avoiding direct contact with the fixed 
core 5. In particular, by dimensional management of the 
amount of protrusion of the stopper element 14 relative 
to the attracting face 1 2a of the movable core 1 2, the air 
gap q can be obtained precisely and easily; this, together 
with the effect of the stopper element 14 being nonmag- 
netic, enables residual magnetization between the two 
cores 5 and 12 to be quickly lost when the coil 30 is 



18 

de-energized, thereby improving the valve-closing re- 
sponsiveness of the valve body 1 8. 
[0098] Since the stopper element 14 is formed from a 
member separate from the movable core 12, a nonmag- 
5 netic material can be selected freely, irrespective of the 
material of the movable core 12 and the valve body 1 8. 
[0099] Furthermore, the stopper element 14 can be 
fixed to the movable core 1 2 simply by press-fitting and, 
moreover, since the tapered face 1 4a or arc-shaped face 

to of the outer periphery of the extremity of the stopper el- 
ement 14 can be guided smoothly along the inner pe- 
ripheral face of the mating recess 1 3 during press-fitting, 
formation of swarf can be prevented. 
[0100] Since the fixed core 5 and the valve assembly 

15 V are made of a high hardness ferrite magnetic material 
as described above, the fixed core 5 and the movable 
core 1 2 of the valve assembly V cooperate so as to exhibit 
good magnetic properties, thereby improving the 
valve-opening responsiveness of the valve body 1 8. The 

20 fixed core 5 exhibits excellent abrasion resistance toward 
repetitive impact received from the stopper element 14, 
thus contributing to the valve-opening stroke of the valve 
body 18 being maintained appropriately over a long pe- 
riod of time. Furthermore, the valve portion 16 and the 

25 journal portions 17a of the valve body 18 of the valve 
assembly V exhibit excellent abrasion resistance toward 
abutment against the valve seat 8 and sliding in the guide 
hole 9, thereby making the operation of the valve body 
1 8 stable over a long period of time. 

30 [0101] Moreover, since the fixed core 5 and the valve 
assembly V, which are made of a high hardness ferrite 
magnetic material, do not require any special abrasion 
resistance treatment, the number of production steps is 
reduced. Furthermore, since the stopper element 14 is 

35 attached integrally to the movable core 12, the number 
of components and the number of assembly steps are 
not increased, and the cost is thus reduced. 
[0102] Furthermore, the valve assembly V is provided, 
as fuel passages, with the lengthwise hole 19 that starts 

40 from the end face of the movable core 1 2 and is blocked 
by the valve portion 1 6, and the first to third lateral holes 
20a to 20c that provide communication between the 
lengthwise hole 19 and the interior of the valve housing 
2. In particular, since the lengthwise hole 19 extends be- 

45 yond the center O of the sphere of the hemispherical 
valve portion 1 6 toward the vicinity of the surface of the 
extremity thereof, the fuel passages eliminate a substan- 
tial amount of surplus material of the valve assembly V, 
and as a result the weight of the valve assembly V is 

so greatly reduced and the responsiveness to magnetic 
force can be improved. 

[0103] Moreover, the first lateral holes 20a not only 
contribute to lubrication and cooling of the movable core 
12 by guiding fuel to the periphery of the movable core 
55 1 2 from the lengthwise hole 1 9, but also guide and divert 
air bubbles generated therein toward the lengthwise hole 
19, thereby preventing effectively the air bubbles from 
moving toward the valve seat 8. 
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[01 04] The second and third lateral holes 20b and 20c 
not only contribute to lubrication and cooling of the valve 
body 18 and, in particular, the journal portions 17a by 
guidingf uel from the lengthwise hole 1 9 to the peripheries 
thereof, but also guide and divert air bubbles generated 
thereintowardthe lengthwise hole 19, thereby preventing 
effectively the air bubbles from moving toward the valve 
seat 8. 

[0105] Furthermore, since the attracting face 12a of 
the movable core 12 is formed from the protruding at- 
tracting face f, which has a small area, and the reference 
attracting face F, which has a large area, during the initial 
stages of energization of the coil 30, even when there is 
little magnetic flux generated, the magnetic flux is con- 
centrated through the relatively small area of the protrud- 
ing attracting face f , the magnetic flux density of the pro- 
truding attracting face f is increased, and the magnetic 
responsiveness of the movable core 12 is improved. 
Moreover, since the protruding attracting face f is in the 
central part of the movable core 12, the attractive force 
due to the magnetic force acts on the central part of the 
movable core 12, and its attitude when it starts to move 
can be stabilized. During later stages of energization 
when a large amount of magnetic flux is generated, the 
magnetic flux passes through both the protruding and 
reference attracting faces f and F, any increase in the 
magnetic resistance can be suppressed, and a large at- 
tractive force can be obtained. The valve-opening re- 
sponsiveness of the valve body 1 8 can thus be improved. 
[01 06] A second embodiment of the present invention 
is now explained with reference to FIG. 4. 
[0107] In this second embodiment, a valve body 18 
and a movable core 1 2 of a valve assembly V are formed 
from separate members, and a cylindrical stopper ele- 
ment 14 and a flange 35 are integrally formed on a valve 
stem portion 1 7 of the valve body 1 8, the cylindrical stop- 
per element 14 running through a linking hole 36 of the 
movable core 1 2 and being fixed to the movable core 1 2, 
and the flange 35 abutting against the front end face of 
the movable core 12 so as to restrict the depth to which 
the stopper element 14 is fitted into the movable core 12. 
Fixing of the stopper element 1 4 to the movable core 12 
is carried out by press -fitting, crimping, or welding. In this 
case, the valve body 1 8 and the stopper element 14 are 
formed by machining a nonmagnetic material or a mate- 
rial that is more weakly magnetic than the movable core 
12, such as a JIS SUS440C alloy. 
[0108] The construction is otherwise basically the 
same as that of the preceding embodiment, and the same 
reference numerals and symbols as those used in the 
preceding embodiment are used in FIG. 4to denote parts 
corresponding to the parts of the preceding embodiment, 
thereby avoiding duplication of the explanation. 
[01 09] In accordance with the second embodiment, it 
is possible to form the valve body 1 8 and the stopper 
element 1 4 from a high hardness nonmagnetic or weakly 
magnetic material irrespective of the material of the mov- 
able core 12, and the durability of the valve body 18 and 



the stopper element 14 can be improved while at the 
same time enabling residual magnetization between the 
two cores to be quickly lost when the coil is de-energized. 
[0110] The present invention is not limited to the 

5 above-mentioned embodiments, and can be modified in 
a variety of ways without departing from the spirit and 
scope of the present invention. For example, instead of 
the rearside journal portion 1 7a of the valve stem portion 
1 7, a journal portion slidably supported by the inner pe- 

10 ripheral face of the magnetic cylinder 4 can be formed 
on the outer peripheral face of the movable core 12. 
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Claims 



An electromagnetic fuel injection valve comprising a 
valve housing (2) having a valve seat (8) at one end 
thereof, a fixed core (5) connected to the other end 
of the valve housing (2), a valve body (18) that is 
housed within the valve housing (2) and that carries 
out opening and closing operations in cooperation 
with the valve seat (8), a movable core (12) integrally 
connected to the valve body (18) and disposed so 
as to oppose the fixed core (5), a valve spring (22) 
urging the valve body (1 8) in a valve-closing direc- 
tion, and a coil (30) that is disposed so as to surround 
the fixed core (5) and that by energization makes the 
fixed core (5) attract the movable core (12), thereby 
opening the valve body (1 8); 
characterized in that the fixed core (5) is made of 
a high hardness ferrite magnetic material, and the 
movable core (12) is provided with an integrally at- 
tached stopper element (14) that is nonmagnetic or 
is more weakly magnetic than the movable core (1 2), 
the stopper element (14) defining a valve-opening 
limit for the valve body (1 8) by abutting against the 
attracting face (5a) of the fixed core (5) when the coil 
(30) is energized while maintaining an air gap (g) 
between the attracting faces (5a, 12a) of the two 
cores (5, 12). 



2. The electromagnetic fuel injection valve according 
to Claim 1 , wherein the fixed core (5) is made of an 
alloy containing 10 to 20 % by weight of Cr, 0.1 % 
^5 by weight of Si, 1 % by weight or more of at least 
one of Al and Ni, and ferrite Fe, Mn, C, P, and S as 
the remainder, the total of Al and Ni being 1 . 1 5 to 6 
% by weight. 

50 3. The electromagnetic fuel injection valve according 
to Claim 1, wherein the stopper element (14) is 
press-fitted in a mating recess (13) formed on the 
attracting face (1 2a) of the movable core (1 2) so that 
a portion of the stopper element (14) projects from 

55 the attracting face (12a), and a tapered face (14a) 
or arc-shaped face is formed on the outer periphery 
of the extremity of the stopper element (14) on the 
press-fitting side. 
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4. The electromagnetic fuel injection valve according 
to Claim 1, wherein the stopper element (14) is 
formed integrally with the valve body (1 8) so that the 
element (14) is disposed so as to run through the 
movable core (12). 5 



outer peripheral face of the valve stem portion (1 7) 
in the vicinity of the journal portion (1 7a). 



An electromagnetic fuel injection valve comprising a 
valve housing (2) having a valve seat (8) at one end 
thereof, a fixed core (5) connected to the other end 
of the valve housing (2), a valve body (18) housed 10 
within the valve housing (2) and having a valve por- 
tion (16) that works in cooperation with the valve seat 
(8) and a valve stem portion (17) connected to the 
valve portion (16), a movable core (12) connected 
to the valve stem portion. (1 7) and disposed so as to 15 
oppose the fixed core (5), a valve spring (22) urging 
the valve body (18) in a valve-closing direction, and 
a coil (30) that is disposed so as to surround the fixed 
core (5) and that by energization makes the fixed 
core (5) attract the movable core (12), thereby open- 20 
ing the valve body (1 8), the valve body (18) and the 
movable core (1 2) being formed integrally from the 
same material so as to form a valve assembly (V); 
characterized in that the valve assembly (V) is 
made of a high hardness ferrite magnetic material, 25 
and the valve assembly (V) has a lengthwise hole 
(1 9) and a lateral hole (20a, 20b, 20c) formed as fuel 
passages, the lengthwise hole (19) starting from an 
end face of the movable core (1 2) and being blocked 
by the valve portion (1 6), and the lateral hole (20a, 30 
20b, 20c) providing communication between the 
lengthwise hole (19) and the interior of the valve 
housing (2). 

The electromagnetic fuel injection valve according 35 
to Claim 5, wherein the valve assembly M is made 
of an alloy containing 1 0 to 20 % by weight of Cr, 0.1 
% by weight of Si, 1 % by weight or more of at least 
one of Al and Ni, and ferrite Fe, Mn, C, P, and S as 
the remainder, the total of Al and Ni being 1 .1 5 to 6 *o 
% by weight. 



7. The electromagnetic fuel injection valve according 
to Claim 5, wherein the lateral hole (20a) is made to 
open on the outer peripheral face of the movable 45 
core (12). 



8. The electromagnetic fuel injection valve according 
to Claim 5, wherein the valve seat (8) is formed in a 
conical shape, the valve portion (1 6), which is seated so 
on the valve seat (8), is formed in a hemispherical 
shape, the lengthwise hole (1 9) is formed so as to 
pass through the center (O) of the sphere of the valve 
portion (16) and be blocked, a journal portion (17a) 
is formed integrally with the valve stem portion (1 7), 
the journal portion (1 7a) being supported slidably on 
an inner peripheral face of the valve housing (2), and 
the lateral hole (20b, 20c) is made to open on an 
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